The objective of this study was to determine the true total-tract digestibility (TTTD) of P in Ca(H 2 PO 4 ) 2 for 15-kg pigs using the regression technique. Forty-eight pigs (15.7 ± 1.53 kg initial BW) were used in a randomized complete block design. There were 8 dietary treatments with 6 replicates per treatment. The dietary treatments included a negative control (3.30 g/kg total P) and 7 additional dietary treatments with incremental addition of 0.74 g/kg P through Ca(H 2 PO 4 ) 2 resulting in a range of 3.30 to 8.45 g/kg total P in the dietary treatments. The ingredient composition of the negative control was 600 g/kg corn (Zea mays), 300 g/kg soybean (Glycine max) meal, 64.85 g/kg cornstarch, 20 g/kg soybean oil, 3.3 g/kg salt, 6.05 g/kg limestone, 3.0 g/kg vitamin + mineral premix, and 2.8 g/kg pure AA. Limestone was used to keep the Ca:P ratio constant at 1.25 across all dietary treatments and cornstarch was used to fi ll the slack.
INTRODUCTION
Excessive application of manure rich in P could lead to accumulation of P in soil. The P in excess of crop requirement might run off, leading to P contamination of surface water or even eutrophication (Jongbloed and Kemme, 1990; Knowlton et al., 2004) . This challenge demands an accurate evaluation of P availability in feed ingredients, which has been addressed in swine industry by switching from a total P basis to either a digestible or available P basis to describe P requirement (Knowlton et al., 2004) .
Regression method has been consistently corroborated as a reliable technique to derive the true P digestibility (Dilger and Adeola, 2006) . The combination of the regression method with total collection of feces proved to be robust (Poulsen, 2007) . However, P digestibility in Ca(H 2 PO 4 ) 2 remains controversial. For example, it ranged between 64 and 75% by regressing absorbed P against P intake using a semisynthetic basal diet (Poulsen, 2007) . Using another semisynthetic basal diet, P digestibility in Ca(H 2 PO 4 ) 2 was 90% by regressing digested P against P intake (Eeckhout and De Pape, 1997) . Therefore, we designed this study based on a practical corn-soybean meal based diet to determine the true total-tract digestibility (TTTD) of P in Ca(H 2 PO 4 ) 2 using regression method.
MATERIALS AND METHODS
All animal procedures were approved by the Purdue Animal Care and Use Committee.
Animals
Forty-eight Hampshire × Duroc × Yorkshire × Landrace barrows (15.68 ± 1.53 kg initial BW and 18.30 ± 1.97 kg fi nal BW) were used for this metabolism study. The barrows were housed in stainless steel metabolism Published January 23, 2015 crates (0.83 by 0.71 m) equipped with 1 nipple drinker and 1 trough. Room temperature was maintained at 22°C. Pigs were allowed 5 d to adapt followed by a 5-d period of total collection of feces. Fecal collection was initiated and ended with the appearance of Fe 2 O 3 -marked feces. Daily feed allowance was set at 3.5 to 4.0% of the BW of pigs to guarantee that the feed waste was minimized during the collection period. The pigs were fed 1 of 2 equal portions of daily feed allowance at 0700 and 1700 h, individually. Water was supplied separately at an allowance of 2 times the amount of feed.
Dietary Treatments
To determine the P digestibility in Ca(H 2 PO 4 ) 2 using regression technique, Ca(H 2 PO 4 ) 2 was added to a cornsoybean meal based diet to set up 8 levels of total P ranging from 3.30 to 8.45 g/kg at a step of 0.74 g/kg. Limestone was added accordingly for a constant Ca:P ratio of 1.25:1 across all diets. The aforementioned addition was at the expense of cornstarch. The ingredient composition of the basal diet used was as follows: 600 g/kg corn, 300 g/kg soybean meal (SBM), 64.85 g/kg cornstarch, 20 g/ kg soybean oil, 3.3 g/kg salt, 6.05 g/kg limestone, 3.0 g/ kg vitamin + mineral premix, and 2.8 g/kg synthetic AA.
Chemical Analyses
Feces were dried in an air-forced oven at 55°C to constant weight and ground to pass through a 0.5-mm screen prior to analysis. Phosphorus concentration was determined by wet-digesting the samples in concentrated HNO 3 and 70% HClO 4 . With the addition of Fiske's SubbaRow reducer solution and Acid Molybdate to the digested sample, a blue color was developed followed by measuring absorption at 620 nm using a spectrophotometer (AOAC, 2006 ; SpectraCount model AS 1000; Packard, Meriden, CT). Corn, SBM, and diet samples were ground and analyzed for P and Ca after wet-digestion. The Ca concentration was determined using an atomic absorption spectrometer (AAnalyst 300; Perkin Elmer, Norwalk, CT).
Calculations and Statistical Analyses
Data were analyzed using GLM procedure of SAS (SAS Institute, Cary, NC).
The apparent total-tract digestibility (ATTD) and TTTD of P were derived using the following equations (Akinmusire and Adeola, 2009 ):
ATTD, % = 100 × (P I -P O )/P I and P D = (C TTTD × P I ) -EPL, in which P I is the dietary P intake, P O is the fecal P output (mg/d), P D is the digested P (mg/d), EPL is the estimate of daily endogenous P losses (mg/d), and C TTTD is the estimate of TTTD coeffi cient with the estimation carried out by regressing P D against P I. Digestibility data were analyzed as a randomized complete block design using the model Y ijk = μ + α i + β j + ε ijk , in which μ is the overall mean, α i is the effect of ith block, β j is the effect of jth diet, and ε ijk is the error term. An α level of 0.05 was considered signifi cant.
RESULTS AND DISCUSSION
Phosphorus intake, fecal P output, and digested P increased linearly (P < 0.001) with the increasing P level whereas the ATTD increased both linearly (P < 0.001) and quadratically (P = 0.007; Table 1 ). The ATTD in diets was 1 Linear effect (P < 0.001).
2 Quadratic effect (P = 0.007). True total-tract digestibility of P in Ca(H 2 PO 4 ) 2 by regressing digested P against P intake (as-fed basis). EPL = estimate of daily endogenous P losses (mg/d).
improved with the inclusion of Ca(H 2 PO 4 ) 2 simply because of higher availability of P in Ca(H 2 PO 4 ) 2 compared with that in corn and SBM. Stein et al. (2008) found that dietary P level up to 6.4 g/kg did not result in any quadratic trend in ATTD and P retention with 22-kg pigs. The quadratic effect observed with ATTD in this study is attributable to diminishing returns in ATTP at higher dietary P levels. The declining effi ciency of intestinal phosphate absorption with the increasing P supply (Anderson, 1991) , as one of the P homeostatic regulation mechanisms, might also have potentiated this trend. As substantiated by Rodehutscord et al. (1999) , P intake up to 5 g/d did not affect the digestibility of P. In our study, the highest daily P intake was only up to 4.58 g/d. Another fact that could have lent evidence is the only 1% increase in TTTD of P when the regression was conducted on the fi rst 4 diets compared with that on 8 diets.
Using semisynthetic basal diet, the P availability in Ca(H 2 PO 4 ) 2 was determined to be between 64 and 75% by regressing the absorbed P against P intake (Poulsen, 2007) whereas P digestibility in Ca(H 2 PO 4 ) 2 was determined to be 89.8% by regressing digested P against P intake (Eeckhout and De Pape, 1997) . In our study, by regressing daily digested P against daily P intake, TTTD of P was estimated at 67.5% (Figure 1 ). The potential factors include the BW of pigs (Rodehutscord et al., 1999) , the composition of assay diets, the method of regression, and the purity of feed phosphate. The endogenous P loss was estimated to be 494 mg/d (Figure 1) , which is equivalent to 59 mg/(kg of BW 0.75 ·d). This estimate falls into the higher end of the range of 5 to 71 mg/(kg of BW 0.75 ·d) for estimated endogenous P losses summarized by Dilger and Adeola (2006) . Considering the feed intakes in our study were around 500 g, our estimation for endogenous P loss is greater than the basal endogenous P loss of 187 mg/kg of DMI (Rojas and Stein, 2012) . In conclusion, we determined the TTTD of P in Ca(H 2 PO 4 ) 2 to be 67.5% for 15-kg pigs based upon a strong linear relationship between digested P and P intake.
